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[Claim 1 ] Ultrahigh molecular weight polyolefin after rolling and d 
rawing, ultrasonic treatment doing, it designates that it causes 
fibril structure of diameter 0. 1 to 50 ^min same direction as 
feature, production method of fibrillated polyolefin material. 

[Claim 2] Production method which designates that it is done in s 
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olid phase state which theroUing or / or drawing, does not melt in 
solvent, in addition doesnot pass melt step as feature, states in 
Gaim 1 of patent claim. 

[Description of the Invention] ( Industrial Area of Application ) 

This invention regards production method of fibrillated polyolefi 
n material. In detail, it possesses and flexibility with high 
strength, furthermore itregards production method of fibrillated 
polyoleim materia] where lamination of other material iseasy. 

Problem which (the conventional technology and invention it tri 
es to solve. ] 

Ultrahigh molecular weight polyolefin it forms in sheet or tape, i 
t is informed that high strengthhigh modulus polyolefin material 
isobtained drawing this by doing, ultrahigh molecular weight 
polyethylene and wax melting and mixing are done in for example 
Japan Unexamined Patent Publication Showa 59-1303 13 
disclosure, this kneaded substancethe extrusion is done, after 
cooling and solidification, what drawing is done is stated. In 
addition, in Japan Unexamined Patent Publication Showa 60- 10 
10 3 2 disclosure, cooling ultrahigh molecular weight polyethylene 
solution, compression molding it does thegelled product which can. 
What drawing is done next is stated. Furthermore, ultrahigh 
molecular weight polyethylene compression molding is done to 
Japan Unexamined Patent Publication Showa 63-6620 7 disclosure, 
v^th temperatureof melting point or lower, after that rolling it 
forms and method which drawingis done is stated. 

Material of ultrahigh molecular weight polyethylene sheet , tape o 
r fiber etc which is obtained with these method, withthe light 
weight and from fact that in high strength it is superior in 
thewater resistance, these twist making weaving doing together 
ocean rope, itmakes open cloth, is offered to application of 
explosion proofing sheet etc. 

But, these rope or open cloth are high strength, but there was a d 
ifiicullythat l>ecause elastic modulus is high in same time, is lacked 
in flexibility. 

In addition, when laminated layer does resin for matrix in thesedr 
awing sheet or tape and makes laminate, or when composite 
making is assured v^th other material, there was a problem thai 
because contact area of resin or other materialis limited, you 
carmot obtain satisfactory adhesion strength. 

(means in order to solve problem) 

In order that above-mentioned problem is solved, diligent investi 
gation it did. Fact that useful fibrillated polyolefin material is 
obtained specific polyolefin afterthe rolling and drawing, by 
ultrasonic treatment doing, was discovered. Especially fibrillated 
polyolefin material being high strength, and it possesses flexibility, 
suchas is superior in adhesiveness of other material discovering 
factthat it possesses feature, it is something which arrives in this 
invention. 
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Namely, this invention, ultrahigh molecular weight polyolefin af 
ter rolling and drawing, designates thatthe ultrasonic treatment it 
does as feature, it designates that fibril structure of diameter 0. 1 to 
50 |im is caused in same direction asfeature, it regards production 
method of fibrillated polyolefin material. 

Furthermore you explain in detail concerning below and this inv 
ention. 

Fibrillated polyolefin material in this invention, diameter OJ^to 
50 lom , preferably, and 0.5 to 30_um ,flirthennore L« 
something which arranges fibril of preferably, and thel to 20 um 
into same direction. This arrayed direction, usuaUy, case where 
polyolefin material is produced, isidentical with rolling or drawing 
direction. 

Fibrillated polyolefin material of this invention is produced easily 
polyolefin of ultrahigh molecular weight afterthe rolling and 
drawing, by ultrasonic treatment doing. You detail concerning 

below and production step, 

1) ultrahigh molecular weight polyolefin 

As ultrahigh molecular weight polyolefin which is used with this i 
nvention, homopolymer of carbon number 2 to 12, the 
preferably, and 2 to 8 a-olefin. for example , polyethylene , 
polypropylene and polybutene -1 etc. Or copolymer above 2 
dimensional of a-olefin where carbon number differsmutually. a- 
olefin of for example , ethylene and carbon number 3 to 12 and 
preferably, 3 to 8 (Such as for example , propylene , butene -1,4 
methylpentene -1 and hexene -1) with copolymer ( a-olefin 
content usually, 10 mole % or less and preferably, 0.01 to 5 
mole % ). copolymer etc of propylene and carbon number 4 to 
12 a-olefin. It can iQustrate. In addition, fiirthermore dienes , 
for example butadiene ,1,4 hexadiene and vinyl norbomene etc as 
comonomer, it can illustrate also copolymer etcwhich can obtain 
by jointly using . 

As for ultrahigh molecular weight polyolefin of this invention, us 
ually, molecular weight is 500,000to 12000,000,the preferably, 
and 900,000to 9000,000. for example, polyethylene or 
ethylenea-olefin copolymer in case, viscosity average 
molecularweight500,000to 12000,000,the preferably, and 900, 
OOOto 9000,000, fiirthermore is range of thepreferably, 1200, 
OOOto 6000,000. Ifyouinscribe with limiting viscosity in in 135 
decalin, it is desirable the5 to 50 dl/g and preferably, 8 to 40 
dl/g , fiirthermore to be a preferably, 10 to 30 dl/g, to be a so- ' 
called ultrahigh molecular weight polyethylene. 

When molecular weight of polyolefin is smaller than 500,000, th 
ere are timeswhen mechanical property of drawn article or rolled 
article becinn^s bad. In addition, when it exceeds 12000,000, there 
are times when fabricabilitywhen compression molding , rolling 
and drawing are done becomes bad. 
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In addition, shape of these ultrahigh molecular weight polyolefin 
especially is not limited, butusually, granule and powder are 
desirable using, for example grain size 2000 pm or less and. 
preferably, 1 to 2000 ^m , furthermore preferably, 10 to 10 00 
pm is desirable. In addition, as for particle diameter distribution 
narrower one, defective part is little in thetime of compression 
molding, is desirable in point where you can obtain the uniform 
sheet and film. 

As for ultrahigh molecular weight polyolefin which possesses abo 
ve-mentioned properties which isused with this invention, among 
compound which include transition metal element of the Periodic 
Table IV to Group VI, under presence of catalyst which becomes 
combining catalyst component which at least contains compound 
of one kind, according to need oiganometallic compound , It is 
obtained a-olefin polymerization or by copolymerization doing. 

As compound which includes transition metal of Periodic Table I 
V to Group VI which forms thecatalyst component, titanium 
compound , vanadium compound , chromium compound , 
zirconium compound and hafiiium compound etc are 
idealconcretely. In addition, multiple kinds combining these 
compound, it is possible to use. 

As titanium compound, halide of titanium, to be able list alkoxy 
halide , the alkoxide and oxyhalide etc. titanium compound of 

quaternary titanium compound and trivalent is ideal. Concrete as 

quaternary titanium compound general formula 

Ti (OR) nX4^i 

It can list those which are shown with (Here as for R alkyl group , 
or aralkyl group of carbon number 1 to 20 preferably, 1 to 12 
shov^ing. X shows halogen atom, n is 0^n<4. ), especially 
titanium tetrachloride isdesirable. 

Be able to list titanium trihalide of titanium trichloride etc as tita 
nium compound of trivalent,in addition, general formula 

Ti (OR) niX4-m 

quaternary alkoxy titanium halide which is shown with (Here as fo 
r R alkyl group of carbon number 1 to 20, aryl group or alkyl 
group showing. X shows halogen atom. mis0^m^4. ), with 
oiganometallic compound of Periodic Table I to Group III metal, 
you can list titanium compound of trivalent which can obtain by 
reduction doing. 

Among these titanium compound, quaternary titanium compoun 
d especially is desirable. 

As vanadium compound, halide of vanadium, to be able list alko 
xy halide , the alkoxide and oxyhalide. Concrete, four 
halogenation vanadium of vanadium tetrachloride etc. quatemaiy 
vanadium compound like tetra ethoxy vanadium, vanadium 
compound of pentavalent like vanadium oxytrichloride , ethoxy 
dichlor vanadyl , triethoxy vanadyl and the tributoxy vanadyl. 
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You can list vanadium compound of trivalent like vanadium 
trichloride and NBnadium triethoxide. 



Furthennore it is possible to treat above-mentioned titanium com 
pound or thevanadium compound with electron donating 
compound above 1 kind. As electron donating compound, it can 
list ether , thioether , thiol phosphine , stibine ,the arsine , 
amine , amide , ketone and ester etc. 

In addition, it is possible to jointly use titanium compound or va 
nadium compound, with magnesium compound. As magnesium 
compound which is jointly used, metal magnesium , magnesium 
hydroxide » magnesium carbonate ,the magnesium oxide , 
magnesium fluoride , magnesium chloride , magnesium bromide 
and magnesium iodide etc. In addition, double salt which contains 
with metal and magnesium atomwhich are chosen from silicon , 
aluminum , calcium, compound oxide , carbonic acid salt , 
chloride or hydroxide etc. Furthermore these inorganic substance 
solid compound those which with oxygen containing compound , 
sulfur containing compound , aromatic hydrocarbon , halogen- 
containing substance it treats or react,or. In addition, in oxide 
which contains silicon , aluminum, those whichcontain above- 
mentioned magnesium compound. Such as is listed. 

When titanium compound or vanadium compound and magnesium 
compound are jointly used, there isnot especially restriction as 
contact method of both, can adopt the known method. 

As above-mentioned oxygen containing compound, for example 
water, organic oxygen containing compound of alcohol ,the 
phenol , ketone , aldehyde , carboxylic acid , ester , 
polysiloxane andthe acid amide etc. inorganic oxygen contaiiting 
compound of metal alkoxide and oxy chloride etc of metal can 
beillustrated. As sulfur containing compound, organic sulfur 
containing compound like thiol , thioether. inorganic sulfur 
compound like sulfur dioxide , sulfur trioxide , sulfuric acid. It can 
illustrate. As aromatic hydrocarbon, various monocycle and 
polycyclic aromatic hydrocarbon compoimd like benzene , 
toluene , xylene , the anthracene and phenanthrene can be 
illustrated. As halogen-containing substance, chlorine , hydrogen 
chloride , metal chloride and compound etc likethe organic halide 
can be illustrated. 

As example of other catalyst system, reaction product of organo 
magnesium compound and titanium compound ofthe so-called 
Grignard compound etc is used, catalyst system which combines 
organo-aluminum compound to this can be illustrated. 

In addition as example of other catalyst system, inorganic oxide 
of Si02, AI2O3 etc, description above solid catalyst component 
which at least contains magnesium and thetitanium, contacting, it 
uses solid substance which can obtain . Combination 
organoaluminum compound to this can be illustrated. 

In these catalyst system, with titanium compound as adduct of or 
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ganic carboxylic acid ester, to be ablealso use. In addition before 
oi^ganic carboxylic acid ester and contact process after doing, also 
can theinoiganic solid compound which includes magnesium which 
was inscribed use. In addition, using organo-aluminum compound 
as adduct of organic carboxylic acid ester, there is not ahindrance. 
Furthermore, in in case of all, under existing of organic carboxylic 
acid ester, it canexecute using catalyst system which was adjusted 
without hindrance. 

As chromium compound, concrete chromium trioxide , or comp 
ound which at least fonns partially chromium oxide with sintering, 
thebearing is done to inorganic oxide carrier , is possible fact that 
catalyst which is named Philips catalyst which is listed . As 
inorganic oxide carrier, silica , alumina , silica-alumina , titania , 
zirconia and thoria or you can list these mixture, but. silica and 
silica-alumina are desirable. 

As chromium compound which bearing is done oxide of chromiu 
m, or compound which at least foims partially chromium oxide 
with sintering, halide of for example chromium, listing 
oxyhalide, nitrate salt, acetate, sulfate and alcoholate etc. 
You can list chromium trioxide , chromyl chloride , potassium 
dichromate , ammonium chromate , chromium nitrate ,the 
chromium acetate , chromium acetylacetonate and di tertiary 
butyl chromate etc concretely. 

as method which bearing is done chromium compound in carrier, 
it to be possible to do with known method of impregnation , 
solvent removal and the sublimation etc. suitable method should 
have been used with types of chromium compound which youuse. 
Quantity of chromium which bearing is done, 0. 1 to 10 wt% and 
the preferably, 0.3 to 5 wt% , furthermore is preferably, 0.5 to 3 
wt% with wt% of chromium atom for the carrier. 

Sintering doing carrier which chromium compound bearing is done 
likeabove, it does activation. As for sintering activation 
noru"educing atmosphere which does not include water in theactual 
generally. Under for example oxygen existing it is done, but. it is 
possible to do under existing of inert gas or under reduced pressure, 
It can use preferably, dry air. several minutes to several time, 
preferably, 0.5 to 10 hours it does sintering, with temperature ^ . 
450 °C or higher and preferably, 500 to 900 °C. At time of 
sintering it is desirable in satisfactory to do activationunder 
flowing state, making use of dry air. 

Furthermore, adding titanate and fluorine containing salts etc at t 
ime of the bearing or baking, it is possible to jointly use known 
method whichadjusts activity etc. 

In addition, doing catalyst which this chromium compound bearin 
g is done, reductionwith such as carbon monoxide , ethylene and 
organoaluminum it is possible to use. 

As zirconium compound or hafnium compound, be able to list zirc 
onium compound or hafnium compound etc whichdesignates group 
which possesses for example conjugated n electron as ligand, the 
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general formula , 

You can list compound which is displayed with (Here, as for M zirc 
onium or hafnium atom showing. R ,R ,R and R show carbon 
number 1 to 20 hydrocarbon residue , halogen atom or hydrogen 
atom. Furthermore, inside at least one of R',R ,R ,R'* is 
hydrocarbon residue. a,b,c and d are something which fills up 
condition whichbecomes a+b+c+d=4. ) concretely. A alkyl group , 
a aryl group , a cycloalkyl group , a aralkyl group , a alkoxy 
group , a cycloalkadienyl group , a sulfur-containing hydrocarbon 
residue , it isdesirable as hydrocarbon residue in Formula to be a 
nitrogen-containing hydrocarbon residue or a phosphorus- 
containing hydrocarbon residue etc. 
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As alkyl group, methyl group , ethyl group , propyl group , iso 
propyl group , butyl group ,the hexyl group , octyl group , 2- 
ethylhexyl group , decyl group and oleyl group etc areillustrated. 
As aiyl group, phenyl group and tolyl group etc are illustrated. 
As cycloalkyl group, cyclopentyl group , cyclohexyl group , 
cyclo octyl group , norbomyl group and bicyclo nonyl groupetc 
areillustrated. ben^l group and neophyl group etc are illustrated 
as aralkyl group. 

As cycloalkadienyl group, it to be possible to illustrate for exam 
pie , cyclopentadieriyl group ,the methyl cyclopentadienyl group , 
ethyl cyclopentadienyl group , dimethyl cyclopentadienyl group , 
indenyl group and tetrahydroindenyl group etc. As alkoxy group, 
methoxy group , ethoxy group , propoxy group and butoxy 
group etc areillustrated. As sulfur-containing hydrocarbon residue, 
thio ethyl group and thio phenyl group etc are illustrated. In 
addition, dimethyl amide group , diethyl amide group and 
dipropyl amide group etc are illustrated asthe nitrogen-containing 
hydrocarbon residue. 

In addition concerning unsaturated alicyclic group such as unsatur 
ated aliphatic residue and cyclohexenyl group of vinyl group , the 
allyl group , propenyl group , isopropenyl group and 1- butenyl 
group etc it can illustrate, fluorine , chlorine and bromine etc 
can be illustrated as the halogen atom. 

Bearing doing these zirconium compound or hafiiium compound i 
n aforementioned inorganic oxide canier, also it ispossible of 
course to use. 

As organometallic compoxmd which is used for production methb 
d of ultrahigh molecular weight polyoleiin powder of this 
invention, isknown as one component of Ziegler type catalyst 
organometallic compound of Periodic Table 1 to Group 1 Vwhich 
can be used, but General Formula 

RnAlX3-n 

Organoaluminum compound which is shown with (However as for 
R carbon number 1 to 20 alkyl group , aryl group or alkoxy group . 
As for X halogen atom . As for n 0<hs3, furthermore, in case 
of N^2, eachR being identical, is possible to differ. ). And 
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Organozinc compound which is shown with (However R is carbon 
number 1 to 20 alkyl group, is identical and it is possible todiffer. 
) is desirable, in addition is goodeven with these mixture. 

As oi^ganoaluminum compoimd, listing for example tiiethyl alum 
inum , triisobutyl aluminum , tri n- hexyl aluminum , diethyl 
aluminum chloride , the mono ethoxy dialkyl aluminum and 
diethoxy mono alkyl aluminum etc. In addition, general formula 
which is obtained with reaction with tiialkyl aluminunumd water. 
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So it is possible also to use compound (Here as for R hydrocarbon 
group of carbon number 1 to 18. n shows 2$n$ 10 0 and 
preferably, 2sns50. ) etc which is displayed. 

As for amount used of organometallic compound there is not esp 
ecially restriction,but. Usually, 0. 1 to 10 00 mol time you can use 
vis-a-vis transition metal compound. 

As for polymerization reaction with state which cuts off oxygen 
and wateretc in actual, gas state , or vis-a-vis aforementioned 
catalyst, aliphatic type hydrocarbon of inert solvent , for 
example butane , isobutane, pentane, hexane, octane, decane 
and the dodecane etc. cycloaliphatic hydrocarbon of 
cyclopentane and cyclohexane etc. aromatic type hydrocarbon 
of benzene and toluene etc, petroleum distillate etc, under 
existing of these, or it is done monomer itself as solvent. As for 
polymerization temperature under melting point of ultrahigh 
molecular weight polyolefin which is formed, it isdesirable usually ' 
to be a range of -20 to 1 10 "'C and preferably, 0 to 90 °C. _ : 

When it is a ultrahigh molecular weight polyolefin melting point 
or higher where you can obtain polymerization temperature, 
drawing itbecomes impossible above 20 times in drawing step 
which is a postprocessing, isnot desirable. 

Polymerization pressure is range ofO to 70 kg/cm^G and prefer 
ably, 0 to 60 kg/cm^G usually. " ^ 

As for adjustment of molecular weight, polymerization temperat 
ure and polymerization pressure . land of catalyst, mole ratio 
of catalyst component, hydrogenation to in polymerization 
system, such as polymerization condition by changing it is 
possible, there is not especiallyrestriction. 

Of course, it can execute polymerization reaction of multiple ste 
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ps 2-stage or more wherethe polymerization condition of 
hydrogen concentration , polymerization temperature etc differs 
vsithout hindrance. 



t 'A 



You can obtain ultrahigh molecular weight polyoleiin of powder. 
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2) rolling and / or drawing 

Likewise as methodwhich rolling and drawing is done ultrahigh m 
olecular weight polyolefin powder which is obtained, method 
which rolling and / or drawingis done after passing melt step, 
amethod which fter melting in solvent of large amount, it makes 
gelled product of the sheet, rolling and / or drawing is done, or 
method which without melting in solvent, in solid phase state 
which in addition doesnot pass melt step, rolling and / or 
drawingjsdone. Such as listing. Especially, adoption of method 
which rolling and drawing is done is desirablein solid phase state. 

In solid phase state, as method which rolling and drawing is done, 
aforementioned ultrahigh molecular weight polyolefin powder, in 
temperature under melting point of polyoIefm,it is something 
which rolling and drawing is done. Usually, it precedes rolling and 
drawing, it is desirable to adopt methodwhich passes compression 
molding step with temperature under melting point of polyolefin. 
After compression molding, it is most desirable to adopt method 
which the rolling drawing is done. 

Method of compression molding is not something which especiall 
y is limitedjit is good with whichever of batch type , continuous 
system. As batch type compression molding method, you can list 
method which uses various machine of the slide type , rotary type 
etc. As continuous system compression molding method, there is 
a various methods, for example ^putting between aforementioned 
mixture between endless belt of thepair which opposes to top and 
bottom, while moving endless belt, you can listthe method etc 
which compression molding it does. Regarding this invention, 
adoption of continuous system is more desirable from 
theproductivi^ of woticability , elongation material. 

Furthermore you explain in detail concerning compression moldi 
ng step of this continuous system. First, you explain simply on 
basis of Drawing 1 which is a concrete exampleof one of 
equipment which is used. 

As for this equipment, in basic, has possessed pressurized means 
which consists of endless belt 5,6 of pair which opposesto top and 
bottom where tension was applied by roll 1 to 4 , pressurized 
plate 7 in order pressurized to do powder material through this 
endless belt, roUer group 8 which with pressurized plate and 
endless belt is connected mutuallywith freely rotating. 

As for pressurized means in this invention, consists of pressuriz 
ed plate which is provided in theinside of endless belt, and freely 
rotatable roller group which isconnected mutually with pressurized 
plate and endless belt . As roller groupwhich freely rotatable which 
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lies between with pressurized plate and endless belt is connected 
mutually, rotational axis of roller in roller group in advancing 
direction of endless belt isalmost arranged in vertical. At same 
time denseness touching in extent which does notcontact mutually, 
laige number those which are arranged are suitable. 

As for these roller, center axis of both ends is locked respectivel 
y withthe chain 9. roller group it makes run with rate of 1/2 
extent of running speed of theendless belt is good to sprocket 10 
which is arranged in before and after of the pressurized plate, by 
engaging this chain. 

This roller group may lie between with endless belt and pressurize 
d plate, locking inthe frame etc. 

As added pressure plate, if surface which touches to roller group i 
s smooth,is something which at same time can be transmitted to 
unifonn inthe pressure, especially it is not restricted. 

Length of endless belt running direction of pressurized plate is no 
t restricted especially, butusually 30 to 400 cm and preferably, 50 
to 200 cm extent are suitable. 

As for pressurized plate, through endless belt, what ultrahigh mol 
ecular weight polyolefin powder pressurized is done,is first role. 
In same time as heating means of matter being compressed also it 
is possible to use. In addition, as shown in £)rawing 2, heating 
means 1 1 is arranged inside the pressurized plate. Passing by roller 
group and endless belt from pressurized plate, it heats matter 
being compressed. As shown in Drawing 1, bringing close to 
endless belt, arranging the preheater 12, it is convenient actually 
to heat. 

As alignment embodiment of heating means 1 1 to pressurized pla 
te, after providing insulating part 13, itis possible to imbed 
electric heater inside pressurized plate. Arranging circulating fluid 
line of hot medium inside pressurized plate, it is possible toheat 
making use of hot medium. 

Production method of this invention is executed this making use 
of equipment whichwas illustrated, first, ultrahigh molecular weight 
polyolefin powder which is thrown inside hopper 14, itfalls on 

endless belt 6 of beneath. 

Rurming speed of endless belt, depends on length of pressurized p 
late, also the compression condition, but usually 10 to 300 
cm/min and preferably, 50 to 200 cm/min extent are suitable, 
predetermined cross section shape it forms ultrahigh molecular 
weight polyolefin powder which rode on endless belt, v^th doctor 
blade . After beirtg done with heater in accordance with necessary 
thepreheating, it is moved to squeezed part due to endless belt of 
top and bottom. It moves to compression part where roller group , 
pressurized plate is arranged next. Here, pressure from hydraulic 
cylinder ( not shown ) is transmitted to with hydraulic piston 15, 
pressurized plate 7. Furthermore passing by roller group , endless 
belt, it can add to matter being compressed compressive force. 
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This time, also heat from heater passing by roUer group , endless 
belt in sameway, it is transmitted by matter being compressed, 
temperature of matter being compressed is kept in predetermined 
temperature. 

Sheet which compression molding is done, roll part after passing, 
leavesfrom endless belt this way. compression molded sheet 
forms in continuous this way. 

Pressure at time of compression molding in this invention can be 
selected ininside wide range. It is desirable usually, to be selected in 
inside range of theO.Ol MPa to 2 GPa and preferably, 1 to 500 
MPa. Especially in case of continuous system, usually with low 
pressure of 0.01 to 10 MPa and preferably, 0. 1 to 5 MPa extent, 
there are times when satisfactory compression molding becomes 
possible byselecting method appropriately. In addition, as for 
temperature at time of compression molding, it isdesirable to be a 
temperature under melting point of ultrahigh molecular weight 
polyethylene. Usually under 20 °C to melting point, preferably, 
90 to 140 °C , furthennore it is a range of thepreferably, 1 10 to 
135 °C. 

Next, you explain concerning rolling step. As rolling method, it 
to be possible to use known method of rolling etc. ultrahigh 
molecular weight polyolefin or aforementioned ultrahigh molecular 
weight polyolefin compression molded sheet melt it does not do, is 
kept inthe solid phase state, rolling sheet or film is obtained with 
rolling roll where rotation directiondiffers putting between. As 
for deformation ratio of material, it to be possible to select widely, 
this time, with rolling operation . It is desirable usually, to make 
range of 1.2 to 20 and preferably, 1.5 to lOwith rolling 
efdciency (length after rolling, /length before rolling). As 
temperature of this time, under melting point of ultrahigh 
molecular weight polyethylene powder which usuallyis used with 20 
°C or higher this invention. Under friendship or 50 or 
higher said melting point, furthermore with temperature of 
rangeof preferably, 90 to 140 °C and particularly preferably, 1 
10 to 135 ^C, it is desirable to execute rolling operation. Of 
course, one time or greater multistage rolling above-mentioned 
rolling operation also it is possible todo. 

As drawing method, if there is a various methods, it does not imp 
air objective of thethis invention as method, it is not specific . 
There is a hot air drawing , a cylinder drawing , a roll drawing and 
a hot plate drawing etc for example first, asthe heating means. 
Also it is possible in addition while drawing doing between thenip , 
roU as means which applies drawing tension and/or applying 
tensionbetween clover roll and multistage roll, keeping drawing 
tension with Nelson roll type thedravmig to do. 

Temperature, inside range under melting point of matter being dr 
awn, usually the20 to 160 °C and preferably, 60 to 150 °C , 
furthermore is done with preferably, 90 to 145 °C. In addition, 
doing with multistage stretching process or not only a one step it 
ispossible. In this case, it is desirable to do with temperature which 
second stage ishigher than first stage. 
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Because drawing rate differs method of tensile dtkwmg, d'^pel^ 
g upon the polymer molecular weight and composition ratio , it is 
a selectable appropriately, is a range of thel mm/min to 500 
m/min usually. Especially in case of batch system drawing, usually 
1 to 500 mm/min preferably, 1 to 10 0 mm/min , furthennore it 
isa range of preferably, 5 to 50 mm/min. In addition, in case of 
continuous drawing, usually 0. 1 to 500 m/min and preferably, 1 
to 200 m/min ,fuxthennore it is inside range of preferably, 10 to 
200 m/min. If economy is considered generally, setting of high 
speed is moredesirable. 

As for draw ratio, because you can obtain extent high strength pr 
oduct which ismade high multiples, as much as possible it is 
desirable to raise thedraw ratio. Usually 1.5 to 50 time and 
preferably, 2 to 40 time, furthennore it is preferably, 2 to 30 time. . 
In addition when it combines with rolling and drawing, total draw 
ratioof rolling and drawing, usually above 20 times, preferably, ■ 
60 times or more , furthermore it is desirable to make preferably, - 
80 to 200 time. 

Drawing method in this kind of solid phase state is applied. With 
when it uses ultrahigh molecular weight polyethylene as raw 
material, tensiJe strength, above 1.5 GPa,furthermore is above 2 
GPa usually above 0.7 GPa, generallygenerally. In addition as for 
tensile elastic modulus, above 60 GPa, you can obtain 
thepolyethylene drawing material ( unfibrillated ) which above 80 
GPa, from is a range of 120 to 150Gpa generallygenerally. 

Furthermore, as mentioned eailier, melting ultrahigh molecular w 
eight polyolefin powder in solvent, theroUing it does those which 
it makes gelled product of sheet. After that tensile drawing it does, 
or by tensile drawing doing this gelled product, drawing polyolefin 
can be produced. As for condition of rolling in this case-and 
tensile drawing, it isdesirable to be similar to above-mentioned 
condition. 

3) method of ultrasonic treatment 

As for fibrillated polyolefin material of this invention, it is some 
thing which is obtained bythe ultrasonic treatment doing 
aforementioned drawing polyolefin, condition of ultrasonic 
treatment oflhe below is shown. 

As for medium which transmits ultrasound, if it is something whic 
hit does not possess swelling , dissolving action, especially is not . 
restricted vis-a-visthe ultrahigh molecular weight polyolefin. 
alcohols of for example , water and methanol , ethanol and iso- 
propyl alcohol etc. Listing polyvalent alcohols etc of 
polyethylene glycol , polypropylene glycol and glycerine etc. It 
can use water usually, desirably from aspect of economy, 
oscillation frequency of ultrasound which you use, usually 20 to 
500 KHz and preferably, 20 to 300 KHz ,furlhermore is 
preferably, 20 to 200 KHz. Output differs depending upon 
morphology and treated amount of drawn articlewhich is used, but 
1 W to 10 0 kW and preferably, 10 W to 75 kW , furthermore 
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preferably, 10 W to 50 kW isdesirable usually, vis-a-vis meclium 
liguid 10 0 ml. treatment temperature, usually, 5 to 90 °C and 
preferably, 10 to 70 ®C , furthennore is rangeof preferably, 20 to . 
65 °C. treatment time, usually, 1 min to 5 hours and 
preferably, 5 min to 2 hours , furthermore is rangeof preferably, 
10 min to 1 hour. 

Method of ultrasonic treatment is not something which especiall 
y is limited, for example , roll of multiple immersion is done in 
tank which is filledup with ultrasound transmission medium,, ■ 
making sample these roU parallel, in this tank predetermined time 
sample,choosing kind of roll rate which residence it is possible, you 
canlist method which ultrasonic treatment it does. 

Furthennore, polyolefin is not a polar group, surface because of 
inert,printing or glueing to surface is diOicult generally. 
Therefore according to need, before ultrasonic treatment or after 
preferably, ultrasonic treatment, surface treatment of corona 
discharge treatment , plasma treatment , chemical oxidation 
treatment, ultraviolet treatment or flame treatmentetc is done 
drawing sheet or tape. 

You can obtain likewise fibrillated polyolefin material, but these b 
ecause it has possessed fibril structureof 0.1 to 50 pm, have 
flexibility. At same time in order to possess_surface area.which is 
increasedconsiderably, it is a material jvhere la minat ion of o ther 
resin iseas y. Furthermore, as for fibrillated polyoleffii material, 
high strength possessing. Usually 0.5 to 3 GPa , from generally it 
is something which possesses thetensile strength of 1 to 2.5 GPa. 

( Working Example ) 

Below , concretely this invention is detailed with Working Exam 
pie , but thisinvention what is not something which is liinited v^th 
these illustrations. 

Working Example 1 

Limiting viscosity in in 135 °C decalin is 17.6 dl/g. ultrahigh m 
olecular weight polyethylene powder of melting point 142 °C, 
making use of double belt type continuous compression molding 
machine of below-mentionedspecification ( outline Drawing 1 ), 
with condition of temperature 135 '^C and pressure about 45 
kgCcm^, sheet of thickness 1.1 mm , width 10 0 mm 
thecontinuous molding was done. 

Compression molding machine specification : 

1 . roll diameter 500 mm surface length 300 rrun 

2. steel belt thickness 0.8 mm width 200 mm 

3. small diameter roller diameter 12 mm surface length 2 
50 mm 



4.»lE:?'L/-h 600 



200rnn 



4. pressurized plate length 600 mm width 200 mm 
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Drawing equipment .specification : [ 

1. heater 

Preheating metal roll 3 and diameter 250 mm diameter surface 
length 200 mm 

Drawing metal roll 1 and diameter 125 nun diameter surface le 
ngth 200 mm 

In roll interior hot medium oil circulation. 
As for inteiToU spacing 30 mm . 

2. cooling metal roll 3 and diameter 250 mm diameter - surface 1 
ength 200 mm 

In roll intenor water circulation 

3. nip roll 

Inlet side : 200<|> silicon rubber roll vis-a-vis metal roll 2 for exce 
ss heat nip . 

Outlet side ; 200^ silicon rubber roll vis-a-vis cooling metal roll 2 
nip 



1 y * ^ i t T 7K2 00m I * 31 L fc 300m 1(7) f - * - f C S 
*jiU-C25U 30»ft^ffi#««lSLfco 



Aforementioned polyethylene drawing material is cut off in lengt 
h 500 nun. Attaching weight to that, immersion it does in beaker 
of the300 ml which fills up water 200 ml. ultrasound generator ( 
oscillation frequency and output are respective 40 KHz and 55W. 
) water 10 0 ml filling up. Soaking above-mentioned beaker, 25 
and 3 0-minute ultrasonic treatment it did. 
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FibriUation polyethylene material where likewise diameter has fib 
ril of about 1 to 1 5 ^ in same directionacquired. one part of 
fibrillation polyethylene material which it acquires in this way is 
cut off. Image which observes that with electron microscope was 
shown in Drawing 3. Furthermore observation magnification is 
200 time. 

Working Example 2 

Limiting viscosity in in 135 °C decalin is 16.7 dl/g. ultrahigh m 
olecular weight polyethylene powder of melting point 1 43 °C, 
with press compression molding it does in pressure about 10 0 
kgf/cm^ and temperature 130 ^C. sheet of thickness l.O mm 
and length 10 0 mm square was acquired. 

Next, this sheet is supplied, gap 50 jim between roll, between t 
heroU of pair of roll surface temperature 135 °Q rolling being 
done, elongation it did in length of 7 time. 

Test specimen of widtfi 50 mm and length 10 0 mm was cut fro 
m sheet which thisroUing is done. With constant temperature 
tank attaching tensile tester under condition of 135 and the 
strain rate 50 mm/min. Furthermore tensile drawing which 
becomes 6-fold length of original dimension isreceived. As for 
total multiplier of rolling and and tensile drawing becoming 4 2 
times, polyethylene drawing material of width about 15 mm and 
thickness 1 10 ^m acquired. 

Above-mentioned poK ethylene drawing material.is cut off in 300 
mm. That ultrasonic treatment it did in same way as Working 
Example 1 excluding factthat ultrasonic treatment time is, 2 0 min 
oscillation frequency making use of ultrasound generator wherethe 
10 0 KHz and output are 75 W. result , fibrillation drawing 
material which is similar to Working Example 1 acquired. 
Furtheimore, as for said material diameter had had fibril of about 
0.5 to 10 ^imin same direction. 

Comparative Example 1 

It did other things in same way as Working Example 1 excluding 
thefact that ultrasonic treatment is not executed in Working 
Example 1. electron micrograph of polyethylene drawing 
material which is acquired was shown in theDrawing 4. 
observation magnification is 200 time. 

Measurement method of melting point : 

It set sample 5 mg to DSC equipment, measured under condition o 
f rate of temperature increase 5 °C per minute,the endotheimic 
peak temperature made melting point. 

[Brief Explanation of the £)rawing(s)] As for Drawing 1 and Drawi 
ng 2 it is a figure which shows one example ofthe compression 
molding equipment which is used for ideal in this invention. In 
addition as for Drawing 3 and Drawing 4, It is a one example of 
scanning electron microscope photograph which is shown 
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[There are no amendments to this patent.] 

Specification 

1. Title of the invention 

A polyolefin material with a fibril structure and a production method thereof 



2. Claim of the invention 

(1) A method of producing a polyolefin material with a fibril structure characterized 
by the fact that ultrasonic treatment is applied after a rolling compression and/or drawing 
process. 

(2) A polyolefin material with a fibril structure characterized by the fact that the 
material^has a structure composed of fibrils having a diameter of 0.1-50 |j.m oriented in the 
same direction. 
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3^ Be|kii^d d^scriptioii oiltb invention 
[Field of industrial apgjiciation] 



The present inventi^if^p^rtains td a polyolefin material with a fibril structure and a 
production method thereof, and the invention further pertains to a polyolefin material with a 
fibril structure having high strength and flexibility for which lamination with other materials 
can be easily accomplished, and a production method thereof. 
[Prior art and Problems to be solved by the invention] 

A high strength and high modulus polyolefin material produced by forming an ultra- 
high molecular weight polyolefin into a sheet or tape and drawing the sheet or tape is 
known. For example, a method wherein hot-melt mixing is carried out for an ultra-high 
molecular weight polyethylene and wax, and hot-melt extrusion is carried out for the 
mixture, and drawing is done after cooling and solidification of the material is described in 
Japanese Kokai Patent Application No. Sho 59-130313. Also, a method wherein 
compression molding is performed for a gel-like material produced by cooling an ultra-high 
molecular weight polyethylene and drawing is performed for the material is described in 
Japanese Kokai Patent Application No. Sho 60-101032. Furthermore, a method where 
compression molding is performed for the ultra-high molecular weight polyethylene at a 
temperature below the melting point and drawing is fiirther performed is described in 
Japanese Kokai Patent Application No. Sho 63-66207. 

Materials such as ultra-high molecular weight polyethylene sheets, tape and fibers 



made by the above-mentioned methods have high strength and water repellency and are 
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light in weight; thus, they are widely used for undersea ropes after forming into a rope, and 
explosion containment sheets after weaving to produce an open cloth. 

[p. 2] 

However, the above-mentioned ropes and open cloth have high strength, but 
flexibility is not sufficient due to the high modulus. 

Furthermore, when a matrix resin is laminated onto the above-mentioned drawn 
sheet or tape so as to form a laminate, or a composite material is made with other resins, an 
adequate adhesive strength cannot be achieved due to limited area of contact with the resin 
or other material. 
[Means to solve the problem] 

As a result of much research conducted by the present inventors, they discovered 
that an effective ultra-high molecular weight polyolefin can be produced when rolling 
compression and/or drawing is carried out for a specific polyolefin followed by ultrasonic 
treatment, and that the above-mentioned ultra-high molecular weight polyolefin has high 
strength and high flexibility as well as high adhesion with other materials, and the present 
invention was achieved. 

In other words, the present invention pertains to a polyolefin material with a fibril 
structure characterized by the fact that the material has a structure consisting of fibrils with 
a diameter of 0.1-50 |j.m oriented in the same direction. And the present invention fiarther 
pertains to a production method of a polyolefin material with a fibril structure characterized 
by the fact that an ultrasonic treatment is performed after performing rolling compression 
and/or drawing. 
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In the following, the present invention is further explained in detail. 

In the polyolefin material with a fibril structure of the present invention, fibrils 
having a diameter in the range of 0.1-50, preferably 0,5-30 |im, and especially 1-20 |am, 
are oriented in the same direction. In general, the orientation direction is the same as the 
direction of the rolling compression and/or drawing at the time of production of the 
polyolefin material. 

The polyolefin material with a fibril structure of the present invention can be easily 
produced by rolling compression and/or drawing of an ultra-high molecular weight 
polyolefin and further providing an ultrasonic treatment. The production process is 
explained in further detail below. 

1) Ultra-high molecular weight polyolefin 

For the ultra-high molecular weight polyolefin used in the present invention, a 
homopolymer of a-olefin with 2-12 carbon atoms, preferably 2-8 carbon atoms, for 
example, polyethylene, propylene, polybutene- 1 , etc., a two or more component copolymer 
consisting of a-olefins having different numbers of carbon atoms, for example, ethylene 
and an a-olefin with 2-12 carbon atoms, preferably 3-8 carbon atoms (for example, 
propylene, butene-1, 4- methyl pentene, hexene-1, etc., in general, the amount of the a- 
olefin is 10 mol% or less, preferably, in the range of 0.01-5 mol%), copolymer of 
propylene and a-olefin with 4-12 carbon atoms, etc. can be mentioned. Furthermore, 
copolymers containing dienes, for example, butadiene, 1 ,4-hexadiene and vinyl norbomane 
as a comonomer can be mentioned as well. 
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In general, the ultra-high molecular weight polyolefin used in the present invention 
has a molecular weight in the range of 500,000-12,000,000, preferably in the range of 
900,000-9,000,000, and in the case of polyethylene or ethylene and a-olefin copolymer, the 
viscoaverage molecular weight is in the range of 500,000-12,000,000, preferably in the 
range of 900,000-9,000,000, and especially in the range of 1,200,000-6,000,000, and it is 
desirable when an ultra-high molecular weight polyolefin having an ultimate viscosity 
measured in decaline at ISS'^C in the range of 5-50 dl/g, preferably in the range of 8-40 
dl/g and especially, in the range of 10-30 dl/g is used. 

When the molecular weight of the polyolefin is 500,000 or below, the mechanical 
properties of the drawn material or rolled material become inadequate, and on the other 
hand, when the molecular weight exceeds 12,000,000, the processability becomes poor at 
the time of compression molding, rolling compression and/or drawing. 

Furthermore, the shape of the above-mentioned ultra-high molecular weight 
polyolefin is not especially limited, and in general, a granular or powder-form material can 
be used effectively, and those with a particle diameter of 2000 \xm or less, preferably, in the 
range of 1-2000 \im and especially in the range of 10-1000 |am are desirable. 
Furthermore, flaws are less likely to form when the particle diameter distribution is 
narrower, and a uniform sheet or film-like material is likely to be produced. 

[p. 3] 

The ultra-high molecular weight polyolefin having the above-mentioned properties 
that can be effectively used in the present invention can be produced by performing a 
polymerization reaction or co polymerization reaction for an a-olefin in the presence of a 
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catalytic component containing at least one type of compound containing a transition metal 
selected among the group IV-VI of the periodic table and an optional organic metal 
compound. 

For the compound containing a transition metal selected among the group IV'-VI of 
the periodic table that structures the catalytic component in this case, in specific terms 
titanium compound, vanadium compound, chromium compound, zirconium compotmd, and 
hafnium compoxmd, etc. can be used effectively. Furthermore, a mixture of the above- 
mentioned compounds can be used as well. 

For the titanium compound, halides, alkoxy halides, alkoxides, halogenated oxides, 
etc. of titanium can be mentioned, and a tetravalent titanium compound and trivalent 
titanium compound are especially desirable. In specific terms, those shown in the following 
general formula 

Ti(0R)„X4.„ 

(wherein, R is an alkyl group with 1-20 carbon atoms, preferably, carbon atoms, or 
an aralkyl group, and X is a halogen atom. Furthermore, n is 0<n<4.) 
can be mentioned for the tetravalent titaniimi compoimd, and titanium tetrachloride is 
especially desirable. 

Furthermore, titanium trihalides such as titanium trichloride can be mentioned as 
trivalent titanium compound, and a trivalent titanium compound produced by performing a 
reduction reaction for the tetravalent alkoxy titanium halide shown in the following general 
formula 

Ti(0R)„X4.„ 
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Jr.,- 

(wherein, R is an alkyl group with 1-20 carbon atoms, or aryl group or alkyi group [sic], 
and X is a halogen atom. Furthermore, m is 0<m<4.) 

with an organic metal compound selected among the group I-'III of the periodic table can 
be mentioned as well. 

Among the above-mentioned titanium compounds, tetravalent titanium compounds 
are especially suitable. 

For the vanadium compounds, halides, alkoxy halides, alkoxides, and halogenated 
oxides of vanadium can be mentioned, and in specific terms, vanadium tetrahalides such as 
vanadium tetrachloride, tetravalent vanadium such as tetraethoxy vanadium, pentavalent 
vanadium compound such as vanadium oxytrichloride, ethoxy dichlorovanadyl, triethoxy 
vanadyl, and tributhoxy vanadyl, trivalent vanadium compound such as vanadiimi 
trichloride, and vanadium triethoxyide, etc. can be mentioned. 

Furthermore, a treatment can be carried out for the above-mentioned titanium 
compound or vanadium compound with one or more types of electron donor compounds. 
For the electron donor compound, ethers, thioethers, thiol phosphines, stibines, arsines, 
amines, ketones, esters, etc. can be mentioned. 

Furthermore, the above-mentioned titanium compound or vanadium compound can 
be used in combination with a magnesium compound. For examples of the magnesium 
compounds used in this case, metal magnesium, magnesium hydroxide, magnesium 
carbonate, magnesium oxide, magnesium fluoride, magnesium chloride, magnesium 
bromide, and magnesium iodide, as well as complex salts, complex oxides, carbonates, 
chlorides or hydroxides containing substances selected from the group consisting of silicon, 
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aluminum, calcium, and a magnesium atom; the above-nientioned solid inorganic 
compounds treated or reacted with an oxygen-containing compound, a sulfur-containing 
compound, an aromatic hydrocarbon, or a halogen-containing material, furthermore, oxides 
containing silicon or alunqiinum i&c^ ^ith tlfe above-mentioned magnesium compounds, 
etc. can be mentioned. 

When a titanium compound or vanadium compound and a magnesium compound are 
used in combination, the method used for contact between these materials is not especially 
limited, and any conventional method can be used. 

For the above-mentioned oxygen-containing compound, for example, organic 
oxygen-containing compoimds such as water, alcohols, phenols, ketones, aldehydes, 
carboxylic acids, esters, polysiloxanes, and acid amides, and inorganic oxygen-containing 
compounds, for example, metal alkoxides and oxychloride of metals, etc. can be mentioned. 
For examples of sulfur-containing compounds, inorganic sulfur compounds such as sulfur 
dioxide, sulfur trioxide, and sulfuric acid can be mentioned. For examples of aromatic 
hydrocarbons, a variety of unicyclic or polycyclic aromatic hydrocarbon compounds such as 
benzene, toluene, xylene, anthracene, and phenanthrene can be mentioned. For the halogen- 
containing substance, compounds such as chlorine, hydrogen chloride, metal chloride, and 
organic halide can be mentioned. 

[p. 4] 

For examples of other catalytic systems, a catalytic system wherein a reaction 
product of an organic magnesium compound such as Grignard compound and a titanium 
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compound is used and an organic aluminum compound is used in combination can be 
mentioned. 

As a different example of a catalytic system, a solid catalyst produced by bringing 
an inorganic oxide such as SiOj and AI2O3 and the above-mentioned solid catal3^ic 
component containing at least magnesium and titanium is used and an organic solubility 
compound is further used in combination, can be mentioned. 

Furthermore, in the above-mentioned catalytic system, the titanium compound can be 
used as an adduct with the organic carboxylate, and the above-mentioned inorganic solid 
compound containing magnesium is first brought into contact with an organic carboxylate 
and used as well. Furthermore, an organic alvmiinum compound can be used as an adduct 
with the organic carboxylate without any problem. In addition, a catalytic system prepared 
in the presence of an organic carboxylate can be used without any problem. 

For the chromium compound, a catalyst commonly referred to as a Phillips' catalyst 
wherein chromium trioxide or a compound composed partially of chromium upon baking is 
deposited on a carrier made of an inorganic oxide can be mentioned. For an inorganic 
oxide carrier, silica, alumina, silica-alumina, titania, zirconia, thoria or a mixture thereof can 
be mentioned and among those listed above, silica and silica-alumina are especially suitable. 

For the chromium compoimd to be deposited, oxides of chromium, compounds 
composed partially of chromium upon baking, for example, halides, oxyhalides, nitrates, 
acetates, sulfates and alcolates of chromium can be mentioned, and in specific terms, 
chromium trichloride, chromylchloride, potassiimi dichromate, ammonium chromate. 
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As a method used for depositing, the aboye^mce^n^Mhel chromium compound on the 
carrier, conventibnal processes such as dip coating, solvent removal, and sublimation can be 
used, and an appropriate method can be used according to the type of the chromium 
compound used. The amount of the chromium substance deposited is in the range of 
0.1-10 wt% as a wt% of chromium atom for the carrier, in the range of 0.3~5 wt% is 
especially desirable and in the range of 0.5-3 wt% is especially desirable. 

Baking is performed for the carrier with the chromium compound deposited on it 
and activation is carried out. In general, baking and activation treatments are performed in 
a non-reducing atmosphere that is essentially free of moisture, for example, in the presence 
of oxygen, but the treatment can be carried out in the presence of an inert gas xmder a 
reducing pressure. It is especially desirable for dry air to be used. Baking is carried out at 
a temperature of 450°C or higher, preferably at a temperature in the range of 500-900°C 
for several minutes to several hours, preferably, for 0.5-10 hours. It is desirable when 
thoroughly dried air is used for baking and the activation is carried out with the material in 
a fluidized state. 

Furthermore, titanates or fluorine-containing salts also can be included at the time of 
depositing or baking so as to control the degree of activation as usual. 

Furthermore, a reduction reaction can be carried out for the catalyst with the above- 
mentioned chromium compound deposited on it using carbon monoxide, ethylene, organic 
aluminum compound, etc. 
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As examples of zirconium compounds or hafnium compounds, a zirconium 
compound or hafnium compound wherein a group having a conjugate 7r-electron as a 
coordinate can be mentioned, and as a specific example, the compound shown in the 
general formula below 

R\R\MR\R\ 

(Wherein, M is a zirconium or hafnium atom, R', R^, R^ and R"^ are hydrocarbon residue 
with l-'ZO carbon atoms, halogen atom or a hydrogen atom. In this case, at least one 
among R^ R^, R^ and R"* is a hydrocarbon residue. And a, b and c satisfy the condition 
a+b+c-Hd=4) can be mentioned. For the hydrocarbon residue in the above-mentioned 
general formula, alkyl group, aryl group, cyclo alkyl group, aralkyl group, alkoxy group, 
cycloalkadienyl group, sulfur-containing hydrocarbon residue, nitrogen-containing 
hydrocarbon residue, or phosphor-containing hydrocarbon residue, etc. can be mentioned. 

[p. 5] 

For the alkyl group, methyl group, ethyl group, propyl group, isopropyl group, butyl 
group, hexyl group, octyl group, 2-ethyl hexyl group, decyl group, oleyl group, etc. can be 
mentioned, and for examples of aryl group, phenyl group, tolyl group, etc. can be 
mentioned. For examples of cyclo alkyl group, cyclopentyl group, cyclohexyl group, 
cyclooctyl group, norbonyl group, bicyclononyl group, etc. can be mentioned, and for an 
aralkyl group, benzyl group, etc. can be mentioned. 

For cycloalkadienyl group, cyclopentadienyl group, methyl cyclopentadienyl group, 
ethyl cyclopentadienyl group, dimethyl cyclopentadienyl group, indenyl group, tetrahydro 
indenyl group, etc. can be mentioned as examples, and for alkoxy group, methoxy group. 
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ethoxy group, propoxy group, buthoxy group,, etc. can be mentioned. For sulfur-containing 
hydrocarbon residue, thioethyl group, thiophenyl group, etc. can be mentioned, and for a 
nitrogen-containing hydrocarbon residue, dimethyl amide group, diethyl amide group, di 
propyl amide group, etc. can be mentioned. 

In addition, unsaturated aliphatic residue such as vinyl group, allyl group, propenyl 
group, isopropenyl group, and 1-buthenyl group, and unsaturated alicyclic group can be 
mentioned as well. For examples of halogen atom, fluorine, chlorine, bromine, etc. can be 
mentioned. 

The above-mentioned zirconium compounds or hafniimi compounds can be 
deposited onto the above-mentioned inorganic oxide carriers and used as well. 

As for the organic metal compound used for production of the ultra-high molecular 
weight polyolefin of the present invention, organic metal compounds of groups I-IV of the 
periodic table also known as a component used in Ziegler catalyst can be used in this case 
as well, and an organic aluminum compound shown in the general formula below 

R„A1X3.„ 

(wherein, R is an alkyl group with 1-20 carbon atoms, aryl group, or alkoxyl group, X is a 
halogen atom, and n is 0<n<3, and when n>2, each R may be the same or different) and an 
organic zinc compound shown in the general formula below 
RjZn 

(wherein, R is an alkyl group with 1-20 carbon atoms, and they may be the same or 
different.) are especially desirable, and a mixture of these compounds can be used 
effectively as well. 
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For examples of an organic aluminum compound, triethyl aluminum, triisobutyl 
aluminum, tri-n-hexyl aluminum, diethyl aluminum chloride, monoethoxy dialkyl 
aluminum, monoethoxy monoalkyl aluminum, etc. can be mentioned, and a compound 
produced upon performing a reaction for tolualkyl aluminum and water and is shown in the 
following general formula 

/Vplease insert f 

(wherein R is a hydrocarbon group with I'-IS carbon atoms, n is 2<n<100, preferably, 
2<n<50), etc. can be used as well. 

The amoimt of the organic metal compound used is not especially limited, and in 
general, the amount of the compound used is in the range of 0.1-1000 times the molar , , 
amount of the transition metal compound. 

The polymerization reaction is carried out essentially absence of oxygen, water, etc. 
in a gas-phase or in the presence of an inert solvent for the above-mentioned catalyst, for 
example, aliphatic hydrocarbons such as butane, isobutane, pentane, hexane, octane, decane, 
and dodecane, alicyclic hydrocarbon such as cyclopentane and cyclohexane, aromatic 
hydrocarbon such as benzene and toluene, and petroleum cut, or using the monomer itself 
as a solvent. The polymerization reaction temperature used is a temperature of below the 
melting point of the ultra-high molecular weight polyolefin to be produced, in general, a 
temperature in the range of -20°C-100°C is used, and in the range of O-PO^C is especially 
desirable. 
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When the polymerization reaction temperature used is a temperature of above the 
ultra-high molecular weight polyolefin to be produced, drawing to more than 20 times 
cannot be achieved at the time of the drawing process that follows, thus, it is not desirable. 

In general, the pressure during the polymerization reaction is in the range of 0'-70 
kg/cm^G, and in the range of 0^-60 kg/cm^G is especially desirable. 

[p. 6] 

An adjustment of the molecular weight can be performed by changing the 
polymerization reaction condition such as polymerization temperature, polymerization 
pressure, type of catalyst, molar ratio of the catalytic component, and hydrogen added to the 
polymerization system, and it is not especially limited. 

Needless to say, the above-mentioned polymerization reaction can be divided into 
two or more stages xmder different polymerization reaction conditions such as different 
concentrations of hydrogen and/or polymerization reaction temperature without any 
problems. 

In this manner, a powder-form ultra-high molecular weight polyolefin can be 
produced, 

2) rolling compression and/or drawing 

As for the method used for rolling compression and/or drawing for the ultra-high 
molecular weight polyolefin powder produced as described above, a method where rolling 
compression and/or drawing are performed after hot-melt process, a method wherein 
dissolving is performed for the above-mentioned powder in a large amount of solvent to 
form a sheet-like gel and further performing rolling compression and/or drawing, a method 
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whferein rolling compression and/or drawing is performed in a solid state without first 
dissolving in a solvent or performing a hot-melt process, etc. can be mentioned, and in this 
case, it is especially desirable when a method where rolling compression and/or drawing is 
performed under a solid state is used. 

As a method used for carrying out the rolling compression and/or drawing under a 
solid state, a method wherein rolling compression and/or drawing are performed for the 
above-mentioned ultra-high molecular weight polyolefin powder at a temperature of below 
the melting point of the polyolefin is desirable, and it is further desirable when a 
compression molding is performed before the rolling compression and/or drawing at a 
temperature of below the melting point of polyolefin, and drawing is subsequently 
performed. 

The method used for the compression molding is not especially limited, and either; 
the batch system or continuous system can be used. For the batch system compression 
molding method, a method wherein a variety of machines such as a slide system or 
rotational system are used can be mentioned. For the continuous compression molding 
method, a method wherein the above-mentioned mixture is placed between a pair of endless 
belts and compression molding is carried out as the endless belts move. In the present 
invention, use of a continuous process is especially desirable from the standpoint of 
working performance and productivity of the long material. 

The above-mentioned continuous system compression molding process is explained 
further in detail below. First, specific example of the device used in the present invention 
shovm in Fig. 1 is used for brief explaination. 
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The device shown in the fig. has a pair of endless belt 5 and 6 that face each other 
and imparted with tension by rolls 1-4, pressure plate 7 that applies pressure to the powder 
material through the above-mentioned endless belts, and a pressure means consisting of 
group of rollers 8 placed between the pressure plate and endless belt that are free-to-rotate. 

The means of applying pressure in the present invention consists of a pressure plate 
installed inside an endless belt and a group of rollers installed between the pressure plate 
and the endless belt. For the above-mentioned group of rollers installed between the 
pressure plate and endless belt, group of rollers is arranged in such a manner that the 
rotational axis of each roller is nearly perpendicular to the direction of travel of the endless 
belt and close to one another without actually touching one another. 

In the above-mentioned rollers, the axis of rotation at each end is fastened to chain 
9, and the group of rollers is moved at approximately 1/2 the transport rate of the endless 
belt by the engagement of the above-mentioned chain with sprocket 10 installed at the front 
and back of the pressure plate. 

The above-mentioned rollers can be fastened to the frame, etc. and placed between 
the endless belt and pressure plate. 

The type of pressure plate used is not especially limited as long as the surface of the 
plate that comes in contact with the group of rollers is smooth and the pressure can be 
uniformly applied. 

The length of the pressure plate in the travel direction of the endless belt is not 
especially limited, and in general, a length in the range of 30--400 cm is suitable and in the 
range of 50-'200 cm is especially desirable. 
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The primary function of the pressure plate is application of pressure to the ultra-high 
molecular weight polyolefm powder through the endless belt, but the pressure plate can also 
be used as a means for heating the material to be compressed at the same time. 

[p. 7] 

Furthermore, as shown in Fig. 2, heating unit 1 1 is arranged inside the pressure plate and 
heating of the group of rollers, and the material to be compressed can be achieved, or as 
shown in Fig. 1, pre-heating unit 12 is arranged close to the endless belt and heating can be 
carried out as well. 

As for the arrangement of the heating unit of the pressure plate, a means of 
insulation 13 is installed and an electric heater can be impleinted to the pressure plate, or a 
circulation path for the heating medium is arranged inside the pressure plate and heating 
can be carried out through the heating medium as well. 

In order to use the production method of the present invention with the above- 
mentioned device shown in as an example, first, the ultra-high molecular weight polyolefin 
powder povired into hopper 14 is dropped onto endless belt 6 located below it. 

The transport speed of the endless belt depends on the length of the pressure plate 
and condition used for the compression molding, but in general, the transport speed in the 
range of 10-500 cm/min is suitable and in the range of 50'-200 cm/min is especially 
desirable. The ultra-high molecular weight polyolefin powder on the endless belt is formed 
into a shape having a specific cross-section, and pre-heated by the heater, as needed, and 
transported toward the compression member where the group of rollers and pressure plate 
are being arranged. At this time, the pressure from the hydraulic cylinder (not shown in the 
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figure) is applied to the hydraulic piston 15 and pressure plate 7, and then to the group of 
rollers and endless belt and the compressive force is ultimately applied to the material to be 
compressed. In this case, the heat from the heating unit is transmitted to the material to be 
compressed through the group of rollers and endless belt and the temperature of the 
material to be compressed is increased at the same time and the temperature of the material 
to be compressed is maintained at a specific temperature. 

The compression molded sheet obtained as described above is then passed through 
the rolls and is removed from the endless belt. In this marmer, continuous molding of a 
compression-molded sheet is made possible. 

The pressure used at the time of compression molding in the present invention can 
be selected from a wide range, and in general, a pressure in the range of 0.01 MPa~2 GPa 
is suitable and in the range of KSOO MPa is especially desirable. In the case of continuous 
system, an adequate compression molding is made possible under a low pressure in the 
range of O.OKIO MPa, preferably in the range of 0A^5 MPa, through appropriate selection 
of the method used. Furthermore, it is desirable when the temperature at the time of the 
compression molding to be a temperature of below the melting point of the ultra-high 
molecular weight polyethylene, and in general, a temperature in the range of 20°C'-below 
the melting point, preferably, a temperature in the range of 90-'140*^C, and especially, in the 
range of IIO-^ISS^C, is desirable. 

In the following, rolling compression process is explained in detail. For the rolling 
compression method, a conventional method such as roll molding can be used in this case 
as well. A solid-form ultra-high molecular weight polyolefin or the above-mentioned 
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general, in the range of 1.2-20, preferably, in the range of I.S-'IO, in terms of the rolling 
compression effect (length before rolling compression/length after rolling compression). As 
for the temperature used for the rolling compression treatment in this case, a temperature of 
below the melting point of the ultra-high molecular weight polyethylene used in the present 
invention is desirable, and a temperature in the range of 50°C to the above-mentioned 
melting point, and especially, in the range of 90-140*^0, and ideally in the range of 
110'-135°C. Needless to say, a multistage rolling compression process can be used as well. 

As for the above-mentioned drawing method, a varieties of methods can be 
mentioned and the method used in this case is not especially limited, and for example, 
heating method such as hot-air drawing method, cylinder drawing method, roll drawing 
method, and hot-plate drawing method, etc. can be mentioned. Furthermore, drawing 
method with tension such as drawing with nip rolls, clover rolls, and multistage rolls, or 
drawing under drawing tension by means of the Nelson roll system can be use as well. 

The temperature used in this case is below the melting point of the material to be 
drawn, and a temperature in the range of 20'-160°C is suitable, in the range of 60'-150°C is 
especially desirable and in the range of QO-MS^^C is especially desirable. -Furthermore, a 
multistage drawing can be used for the drawing process, as well. In this case, it is 
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desirable when a higher temperature is used for the second stage than the temperature used 
for the first stage. 

[p. 8] 

The drawing speed varies depending on the drawing method, polymer molecular 
weight, and composition ratio, and can be selected accordingly, and in general, a drawing 
speed in the range of 1 mm/min-SOO m/min is suitable. Especially when a batch system 
drawing method is used, in general, the drawing speed used is in the range of l-'500 
mm/min, preferably, I'-lOO mm/min, and especially, 5-50 mm/min. Furthermore, in the 
case of the continuous drawing method, the drawing speed used is in the range of 0.1 -'SOO 
m/min, preferably, 1-200 m/min, and especially, 10-200 m/min. In general, high-speed 
setting is desirable from the standpoint of cost. 

The higher the drawing ratio, the higher the strength of the product produced, thus, 
it is desirable to increase the drawing ratio as much as possible, and in general, the drawing 
ratio used is in the range of 1.5-50 times, preferably in the range of 2-40 times, and 
especially, in the range of 2-30 times. Furthermore, in the case when the rolling 
compression and drawing are used in combination, it is desirable for the total drawing ratio 
for the rolling compression and rolling compression and/or drawing to be at least 20 times, 
preferably, at least 60 times and especially in the range of 80-200 times. 

When the drawing method in the above-mentioned solid-phase is used and an ultra- 
high molecular weight polyethylene is used as a raw material, in general a drawn 
polyethylene material (before forming fibrils) having a tensile strength of at least 0.7 GPa, 
preferably at least 1.5 GPa, and especially, at least 2 GPa, and the tensile modulus of at 
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an ultrarhigh molecular weight polyolefin powder is dissolved in a solvent to form a sheet- 



Furthermore, as explained above, it is possible to produce a drawn polyolefin when 



like gel and rolling compression is carried out; then, drawing is further performed or 



drawing is performed for the above-mentioned gel-like sheet. It is desirable for the 
condition used for the above-mentioned roll rolling compression process and drawing 
process to be the same as in the condition described above. 
3) Method used for the ultrasonic treatment 

The polyolefin material with a fibril structure of the present invention is produced 
by ultrasonic treatment of the above-mentioned drawn polyolefin, and the condition used 
for the ultrasonic treatment is described below. 

The medium used for conduction of the ultrasonic waves is not especially limited as 
long as the medium is not capable of expanding or dissolving the ultra-high molecular 
weight polyolefin, and for example, water, alcohols such as methanol, ethemol, and iso- 
propyl alcohol, polyhydric alcohols such as polyethylene glycol, polypropylene glycol and 
glycerol can be mentioned, and from the standpoint of cost, water is commonly used. In 
general, the oscillation frequency of the ultrasonic waves used is in the range of 20-^500 
kHz, preferably, in the range of 20'-300 kHz, and especially, in the range of 20-200 kHz. 
The output used varies depending on the shape of the material used and the amoimt of the 
material used, and in general, an output in the range of 1 W'-lOO kW is suitable, in the 
range of 10 W-75 kW is especially desirable and in the range of 10 W-50 kW is especially 
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desirable. In general, the processing temperature used is in the range of 5-'90°C, preferably 
in the range of 10-70°C, and especially in the range of 20~65°C, and the processing time 
used is in the range of 1 min-S hrs, preferably in the range of 5 min-'2 hrs, and especially, 
in the range of 10 min-^-l hrs. 

The method used for the above-mentioned ultrasonic treatment is not especially 
limited, and for example, a method wherein rolls are dipped in a tank filled with an 
ultrasonic wave transmitting medium, the sample is placed through the above-mentioned 
rolls and the roll speed capable of retaining the sample for a predetermined time inside the 
above-mentioned tank is appropriately selected and the ultrasonic treatment is performed 
can be mentioned. 

In general, printability or adhesion at the surface of the polyolefm is made 
impossible since a polar group is absent and the surface is inert. In this case, a surface 
treatment is performed for the drawn sheet or tape using a surface treatment method such as 
corona discharge treatment, plasma treatment, chemical oxidation treatment, ultraviolet 
treatment and flaming treatment is performed before the ultrasonic treatment, preferably 
after the ultrasonic treatment. 

In this manner, the target polyolefin material with a fibril structure can be produced, 
and the material has a fibril structure of 0.1 --50 |j.m; thus, an increase in flexibility and the 
surface area can be achieved, and lamination with a different resins can be made easy. 
Furthermore, the polyolefin material with a fibril structure produced has a high strength and 
in general the tensile strength in the range of 0.5-3 GPa, preferably, in the range of 1-2.5 
GPa, can be achieved. 
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[p. 9] 



[Application Examples] 

In the following, the present invention is further explained in specific terms with 
application examples, but the present invention is not limited to these examples. 
Application Example 1 

A sheet having a thickness of 1 . 1 mm and the width of 1 00 mm was continuous 
produced from an ultra-high molecular weight polyethylene having an ultimate viscosity in 
a 135°C decaline of 17.6 dl/g and the melting point of 142°C using a double-belt type 
continuous compression molding machine having the specification shown below imder a 
temperature of 135®C and pressure of approximately 45 kgf/cm^. 
Specification of compression molding machine: 

1. Roll diameter 500 mm length 300 nmi 

■t 

2. Steel belt thickness 0.8 mm width 200 mm 

3. Small aperture roller diameter 12 mm length 250 mm 

4. Pressure plate length 600 mm width 200 mm 

Subsequently, the above-mentioned sheet was supplied to the region between a pair 
of rollers having a separation distance of 65 |im and a roll surface temperature of 135^^0 
and rolling compression was performed and subsequently drawing was further performed to 
7 times. 

The compression molding sheet produced was then slitted to form a width of 30 mm 
to form a tape, and drawing was performed using a drawing device with the specification 
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shown below. Drawing was performed three times under the conditions shown in Table I 
and a material with a total drawing ratio of 63 times was produced. 
Specifications of drawing device 

1. Heating medium 

3 rolls of pre-heating metal: roll diameter of 250 mm and length of 200 mm 
1 drawing metal roll: diameter 125 mm and length of 200 mm 
Heating medium oil was circulated inside the roll 
Roll distance of 30 mm in all cases 

2. 3 cooling metal rolls: diameter 250 mm, length 200 mm 

Water was circulated inside the roll 

3. Nip roll 

Entrance side: 200 mm silicone rubber roll is used as a nip roll for two metal rolls 
used for pre-heat treatment 

Exit side: 200 mm silicone rubber roll is used as a nip roll for two metal rolls used 
for cooling. 

Table I 





Metal roll temperature (°C) 


Nip roll tangential speed (m/min) 


Drawing ratio 
(times) 


Pre-heating 


Drawing 


Entrance side 


Exit side 


First time 


135 


140 


1 


3 


3 


Second time 


140 


145 


4 


8 


2 


Third time 


140 


145 


10 


15 


1.5 


Total 
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Jslle ajK^vMieffiii^l^ol^^ drawn material 
mm, a weight was applied to the material and dipped inside a 300 ml beaker filled with 200 
ml of 5?^ter . lOQ ml water was filled in an ultrasonic wave gei^mtQ 
and output are 40 kHz md 55 W, respectively) and the above-m^ntiQrigd beaker was placed 
and an ultrasonic treatment was performed at a temperature of 25 "C for 30 min. 

In this manner, a polyolefin material witii a fibril structure having a fibril with a 
diameter of approximately 1 15 /^m in the same direction was produced. A part of die 
polyolefin material with a fibril structure produced as described above was cut, and the 
electron microscope image produced is shown in Fig. 3. In this case, the magnification ratio 
of the above-mentioned image is 200 times. 
A pplication Example 2 

A compression molding was performed for an ultra-high molecular weight 
polyethylene powder having an ultimate viscosity in a 135 °C decaline of 16.7 dl/g and 
melting point of 143° C by a press machine under a pressure of approximately 100 kgf/cm^, 
and at a temperature of 130®C so as to produce a sheet having a thickness of 1.0 mm and a 
length of 100 nmi. 

Then, the above-mentioned sheet was supplied to between a pair of rolls having a roll 
distance of 50 iim and roll surface temperature of 135 °C, rolling compression was performed 
and drawing was performed to form a length of 7 times. 

A sample piece measuring a width of 50 nmi and a length of 100 noma was cut out 
from the above-mentioned rolled sheet, stretching was performed under tension by a tensile 
tester equipped with a temperature controlled taiik at a temperature of 135° C and pulling 



26 



KOKAI PATENT APPLICATION NO. HEI 4-194068 

speed of 50 mm/min to form a length of 6 times the original length and the total stretching 
ratio of the rolling compression and drawing of 42 times was achieved so as to produce a 
drawn polyethylene material having a width of 15 mm and a length of 110 /xm. 

[p 10] 

The above-mentioned polyethylene drawn material was cut to 300 mm, and an 
ultrasonic treatment was performed as in the case of Application Example 1 using an 
ultrasonic wave generator having an oscillation frequency and output of 100 kHz and 75 W, 
respectively, and ultrasonic treatment of 20 min. As a result, a fibrilous drawn material was 
produced as in the case of Application Example 1 . In this case, the above-mentioned 
material had a fibril having a diameter of approximately 0.5 10 /xm in the same direction. 
Comparative Example 1 

In Application Example 1 , the ultrasonic treatment was omitted, and a treatment was 
performed in the same manner. The electron microscope image of the drawn polyethylene 
material produced is shown in Fig. 4. In this case, the magnification ratio of the above- 
mentioned image is 200 times. 
Measurement method used for melting point: 

5 mg of the sample was set for the DSC device and a measurement was performed 
under conditions of a temperature increase rate of 5°C/min and the absorption peak 
temperature obtained was defined as the melting point. 
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4. Brief description of figures 

Fig. 1 and fig. 2 are examples of the compression molding device effectively used in 
the present invention. Fig. 3 is the scanning electron microscope image of the poly olefin 
material with a fibril structure produced by the method of the present invention and Fig. 4 is 
the scanning electron microscope image of the polyolefin material with a fibril structure 
produced by a conventional method. 
[Definition of codes] 
1-4: Rolls 
5,6: Endless belt 
7: Pressure plate 
8: Group of rollers 
9: Chain 
10: Sprocket 
1 1 : Heating unit 
12: Pre-heating unit 
13: Insulation member 
14: Hopper 
15: Hydraulic piston 

Applicant: Japan Petroleum Corp. 

Agent: Tadashi Wakabayashi, patent attorney 
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